
Training Services. 

Hydrocarbon Properties 

r Text books or handbooks 
m Acailexnic publications 
i Trade journals 
rn Refinery tabomtory data 



Typical Properties of Hydrocarbons 
Determined in Laboratory 

i Composition by efiromatograpphg 
r ASTM distilhtions, simulated distillation 
r Dpnsrity or APlt gravity 
rn Hydrocaflbon type as pama, olefin, naphthenes, andlor 

aromatics 
ViscosZty 

r RUN and MON, smoke point, ceane number 
Cold flow properties - cloud poimt, pour point, freeze point 
FIdshpkts 

a SuRur, nitrogen, Consadson Carbon, metab 

Properties Commonly Determined 
by Correlation 

8 True Boiling Point (TBP) d&tiE.a%ion 
r Avenge bormg points (YABP, MeABP, MABP, CABP) 
= M01.eealar weight 

m Ce-e index 
Flowing gravity 

a Heat capacity 

V&BP - .lu\ww3 A v w  BdLi'8 
P I  I I - P m  39 

P 8 









Types of Boiling Points 

r Mean Average Boibg Point (MeABP) 

MeABf is used to correlate mofecular weight and 
pseudo-critical pressure 

Types of Boiling Points 

u MOM Average BeiEng Point (MABP) 

W P  is used to cerrdate pseudo-critical temperature 

Weight Average Boiling Point (WABP) I 
n 

WABP = ( ~ g k t  Fraction x BoiZing PO% f 
i =I 

WABP is used to correlate true criti.sal temperature 



Specific Gravity 

SG means the fluid specific gravity at TX 
relative to water at T2. For example, 

" A n =  14X.5/SG60/C0- 131.5 

SG 60/m = 141 -5 / (13 E .5 + O M )  

SG water @ 15.5"C = 999.012kg/m3 

SG water @ 4.U°C = lWOk@rn3 

UOP K Charactmiation Factor 

Carbon Number 





UOP K Charactepiza~on Factor 

Log Specific Gravity 

UOP K Chmaeteriza;tt*on Factor 







Research and MotoP Octanes 

Octane is a rheasure of a ,wofine7s 
resistance to pre-mature detonation in 

m Pre-mature detonation is indicated by 

1 Octane is defermined by bvxmkg 
gasohe in an e r g g  wrder contraHed 
conditions until a standard level of 
knocking wcurs. 

8 The engine is next operaked an a fuel 
blended from 2$,4 &rimthyXpentane 
@WRON) and n- Erepta~e (0 RON) 
h t  bocks at the same intensify as the 

m TEL is added to generate a standasd 
higher than IQORON. 

m Mot= octane test simuIates more severe 

Research Motor Octanes of epicat  EasoEjijne Componemts 





, 
Cetane Number 

i 'r 
c \ 6 

8 Cetane nurhber is a measure of 
ignition delay in a fueI's combustion 

8 'Xgnition dew is the time between &e 
start of fuel injection and the &at of 
fuel corrmbustion 
Higher ce&e number Euels will have 
shorter ignition delay periods than 
Iower cetane mamber Enels 

m Cetane number is defmxnhed from 
engine operation on a EneX blended 
from cetane (CN of 100) and a- 
methyl-mphtwene (CN of O-f thbt 
provides fhe same &&ion q d i  to 
that of the test &el. 



Cetane Nanzber 

m Ignition delay tecbique incorporated 
for ceme measurement by Southwest 
Research Istitate CS w PI) 
&leaswed ce&me number is more 
accurate (+/- XCN) in comparison to 
CFR engine (+/- 3CN) 

m B e i  mnsidered as an alternative to 
the = m e  engine test mrethod (AS332 

Cetane Num6er 
Getme Nwnber of Some Hydrocwbbos 





Options for Aromatics and Benzene Reduction 
in FEGture Gasoline Pool 

r Aromatics Extraction 
8 Severity Reduction in Catalytic R e f s d n g  
rn Rennovd of Benzene Precursors Pre-fractionation 

8 Benzene Destruction Post-fsactionacion 

Benzene Precursors in Catalytic Reforming 

m Cataiytic reforming is a major contributor of benzene and 
aromatics in gasohe 

m Benzene precursors qum6talivefy coavert fo benzene in 

Removing benzene preeumrs in catalytic reforming feed 
by distillation is a c~re-fracti~nati~n" solution 



Premsh-Culamn Operation - Middle East Re$ner 
Conversion of ASTM lXstiZation to TBP 

Pre-Flash Celumn Heavy Naphtha Distillation 

Premsh-CoIzcmn Operatiopt - Middle East Refiner 
C~nversjon uf ASIT2M D i S W o n  20 TBr, 





AP2' Procedure 3AI.l 
50% TBP L)istih%n Point 

T"BP (50) = 0.87318 (ASTM D-86(50)) l.Om 

TlIP (50) = 0.8728 (278.3OF) 

Tfz.f (50) = IW105OF or 138.T°C 

MI Procedure 3AI.T 
CaZca2ate ASTM Dkz%&ioolz Di~rnmees 





I Pre-Fractionation for Benzene Precwsor Redu&on ) 
1 ! Pte-Raslr Cotumn Napbphma D&$EtMon Curves f 

Carrent distilfation 
operation alrows 
benzene precursors in 

0 TO 20 30 40 50 60 70 80 90 ZOO: 1 MdIaUon PoXnt gv/r ofi) 

1 
I 

- c A S T M  W S  &fBP Adjusted Pre-FWh Colunn Naphtha DlstiMatten 1 
Curves 

Proposed BBP 160 

adjustment 

I 3M 

i 1 
I 

benzene formation 1-2 : 2 ! : 
f 1 :!a 

1 
! 

, . 20 
i o 



Training Services 

Hydroearbun Properlies - 
Example of Determining 
Cmde and Vacrctlm Unit 

TBP Cut Points 

Test Run Data - Middle East Refiner 

12.32 22908 

Vacuum Charge $1.66 6586 

Stabilizer OJ.f G a s  SG 
Stab.  Of X Liquid LPG 

Reduced Crude By-Pass 

Vacuum Residue 

13568 I f 1 6 6  l O t . 4  



Test Run Data - Middle East ReJiner 

LABORATORY TEST RESULTS 
LSRN HSRN KERO LAD HAD LV GO HVGO 

Sayboit Color * 30 + 30 +30 -.- -.. - - -  -. . 
ASTM Color . -. -.. .-a . - -  ..- c : 4 50 
ASTM Distiltation f"Cf 

44 7 I5 t 89 253 246 297 419 
54 222 202 267 39 3 309 444 
68 t 35 221 2 88 $43 324 474 
82 148 240 309 373 339 SO4 
94 158 252 32 1 393 348 523 
103 173 266 343 400 365 550 

Pour Point jeC) 

1 2  - f  5 -53 



Test Run Data - Middle East Refiner 
Conversion of ASTM DisMahahons to TBP 

I Test Ran Blended Cacde I 
Blended Crude Boiling Curve 

0 50 100 150 200 250 300 350 400 450 500 550 600 650 f 
True Boiling Point ("C) 

tm- 



, Test RUM: Cmde Cat Points 





Calculation of UUP K Vahe 

Calculate VhBP 

Calculate K from 
CABP and SC 



Three Very Diflerent Intermediates 
CalcrJate Temperatare Comedon to VABP 

I CABP = VABP - A3 (APZ 2Bl-13) 
I fn A3 = -0.23589 - 0.06906 " (VABP - 32)"-6 + 

1.8858 * S f ~ p  OA5 (APT 2B1 -1-7) 
a VABP and distillation slope are in units ok O F  

and O F / %  

As = 1 5 O F  
r C U P  = 872 - 15 = 870°F (or 1330R) 
m UOP K = (133@R)"31 0364 = 12.73 



Paraffins 12-13 
NaphmeReS 11-12 
Aromatics 20-1 ? 









Gctane is a :'i:;cire cf merit representing the resistance of aasoline to pre!nati_ir? 
detonation w:?en exposed to heat and pressure in the combustion chamber of an 
internal-combustion engine. Such detonation is was te f~~ l  of the ene:-gy in the ii.lei 
and potentialiy damaging to  the engine; premature detonation is indicated by 
knock~ng or pinging noises that occur as the engine operates. 15 an ellgin? 
running on a particular gasoline makes such noises, they can be iessened or 
e!iminated by using a gasoline with a higher octane number. The octane number 
of a sample cf fuei is determined by burning the gasoline in an engine i ~nde r  
controlled conditions, e.g., of spark timing, compression, engine speed, a!?d load, 
until a standard level of knock occurs. The engine is next operated on a fuel 
blended from a form of isooctane that is very resistant to  knocking and a form of 
heptane that knocks very easily. When a blend is found that dupiicates the 
knocking int.errsity of the sample under test, t!?e percentage of  isooctane by 
voiume in the blended sample is taken as the octane number of the fue!. Octane 
numbers higher than 100 are found by measuring the amount of tetraethyl lead 
that must be added to pure isooctane to  duplicate the knocking of a sample fuel. 
At present three systems of octane rating are :ised in the United States. Two of 
these, the re'search octane and motor octane numbers, are determined by 
burning the gasoline in an engine under different, but  specified, conditions. 
Usually the motor octane number is lower than the research octane. The third 
octane rating, which federal reguiations require on commercial gasoline'pumps, is 
an average of research octane and motor octane. Under this system a regular 
grade gasoline has ail octane number of  about 87 and a premium grade of about 
93. Most American-made cars that were built in the 1971 model year or later can 
use regular gasoiine. To prevent knocking, premium grade gasoline must be ~ ~ s c d  
in many cars built before 1971 and in some new cars that have high-performance 
engines. 

For clarity it is useful to provide a general ove~iew of an octane number. An octane number is a quantitative, but imprecise 
measure of the maximum compression ratio at which a particular fuel can be utilized in an engine .without some of the fuel 
lair mixture "knocking" or self igniting. This self ignition of the airlfuel mixture in the cylinder results in a loss of peak power. 
Directionally as the compression ratio of the engine increases so does the required octane number of the gasoline if engine 
knocking is to be avoided. 

The performance of an engine is dependent upon many factors, one of which is the severity of operation. Accordingly the 
performance of a fuel is also dependent upon engine severity. To account for differences in the petforrnance quality of a fuel 
two engine octane numbers are routinely used. Thc Research Octane Number (RON, or F1) simulates fuel performance 
under low severity engine operation. The Motor Octane Number (MON, or F2) simulates more severe operation that might be 
incurred at high speed or high load. In practice the octane of a gasoline is reported as the average of RON and MON or 
R+M/2. 

Classically, both numbers are measured with a standardized single cylinder, variable compression ratio engine. For both 
RON and MON, the engine is operated at a constant speed (RPM's) and the compression ratio is increased until the onset of 
knocking. For RON engine speed is set at 600 rpm and MON is at 900 rpm. 



Octane is a rating of a fuels resistgnce t ignite. The higher the octane, the harder it is to get to ignite. A higher octane may dt i necessary to prevent pre-ignition and de onation in a high performance engine. Higher octane fuel will generally burn slightly 
slower than a lower octane fuel which could require a change in ignition timing. Using more octane than you need will not help 
power, the slower burn rate will actually cause you to lose some power. 

Normal combustion will take place at a pretty steady rate (for a given rpm and load), when a large amount of the charge burns 
extremely fast and uncontrollably, it is know as detonation. Detonation can destroy an engine in a matter of seconds. It is 
common knowledge that heat causes detonation, but heat it not the only cause. Pressure plays a big role in it also. You can 
get detonation by running with too much ignition advance, if heat was the only cause, signs of detonation would around the 
exhaust valve, but this is not the cTse. Usually when detonation takes place from too much advance, the detonation occurs on 
the intake side of the chamber; which is the coolest side of the chamber. This happens because detonation did not occur until 
the pressure got excessive, which was after the spark. By the time that happened, the charge near the exhaust valve has 
already been burned. Most of the time, detonation will occur after normal combustion has started. Apart for destroying pistons 
and spark plugs, light detonation can cause all sorts of other problems, like fatiguing cranks and rods quickly and pounding 
bearings to death, so avoid detonation at all costs. 

When the charge lights off before the spark, it's called pre-ignition. This can happen with or without detonation, but usually will 
cause detonation in a high performance engine. Hot spots in the combustion chamber are the usual cause of pre-ignition. A 
spark plug with a high heat range can cause a hot spot. When pre-ignition occurs, the charge begins to burn, then when the 
spark plug sparks there are two flame fronts. This is very unpredictable and can lead to detonation, because it will act just like 
too much ignition timing, but it won't be controllable. 

The motor octane rating, referred to as MON (motor octane number), is the best rating to use when selecting fuel for your rac( 
or high compression engine. When testing MON, the fuel is heated to 300" F and the intake air is heated to 100" F. The test 
engine is a single cylinder 4 cycle engine that is run at 900 rpm. Ignition timing is varied with compression ratio. Engine load is 
varied during test. 

-- - - pp 

Known as RON (research octane rating). Tested at 600 rpm with a fixed timing of 13" BTDC. The fuel temp is not controlled at 
all and the intake air temp is varied with barometric pressure. This is done to covert everything to a SAE standard day, which is 
60" F, 0% Humidity, and 29.92 inches barometric pressure. The RON should not be used when selecting fuel for a race or high 
performance engine. The RON will always be hi'gher than the MON. 



The Importance of Cetane Number in Diesel Fuel 

What is Cetane Number? 

Cetane Number is a measure of the ignition quality of a diesel fuel. It is often mistaken as a 
measure of fuel quality. Cetane number is actually a measure of a fuel's ignition delay. This is the 
time period between the start of injection and start of combustion (ignition) of the fuel. In a 
particular diesel engine, higher cetane fuels will have shorter ignition delay periods than lower 
cetane fuels. 

Cetane number should not be considered alone when evaluating diesel fuel quality. API 
gravity, BTU content, distillation range, sulfur content, stability and flash point are also very 
important. In colder weather, cloud point and low temperature filter plugging point may be critical 
factors. 

CETANE NUMBER - ANOTHER DEFINITION 

The most accurate method of assessing the ignition quality of a diesel fuel is by measuring its 
cetane number in a test engine, the higher the cetane number the higher the ignition quality. The 
cetane number of a fuel is defined as the percentage of cetane, arbitrarily given a cetane number 
of 100, in a blend with alphamethyl-naphthaline (cetane number -0 ), which is equivalent in 
ignition quality to that of the test fuel. 

Determining Cetane Number 

The optical method for determining cetane number is ASTM test D-613. This method 
requires the use of an industry standard test engine equipped with accepted instrumentation and 
operated under specific conditions. In this test, the engine compression ratio is varied for the test 
sample and reference fuels of known cetane number to obtain a fixed ignition delay. The 
compression ratio of the sample is bracketed by those of two reference fuels. The cetane number 
of the sample fuel is determined by estimating between the two reference fuel points. 

Because the ASTM D-613 test is time consuming and expensive, calculated cetane index 
(ASTM D-976 or D-4737 is often substituted for cetane number. The calculated cetane index is 
derived from the fuel's density and boiling range. While useful for estimating the cetane number of 
distillate fuels, this technique can not be applied to fuels containing additives that raise cetane 
number. These additives do not change the fuel density or distillation profile, so they do not alter 
the calculated cetane index. 

How Does Cetane Number Affect Engine Operation? 

There is no benefit to using a higher cetane number fuel than is specified by the engine's 
manufacturer. The ASTM Standard Specification for Diesel Fuel Oils (D-975) states, "The cetane 
number requirements depend on engine design, size, nature of speed and load variations, and on 
starting and atmospheric conditions. Increase in cetane number over val~eslactually required 
does not materially improve engine performance. Accordingly, the cetane number specified 
should be as low as possible to insure maximum fuel availability." This quote underscores the 
importance of matching engine cetane requirements with fuel cetane number. 

Diesel fuels with cetane number lower than minimum engine requirements can cause 
rough engine operation. They are more difficult to start, especially in cqld weather or at high 
altitudes. They accelerate lube oil sludge formation. Many low cetane fue'ls increase engine 
deposits resulting in more smoke, increased exhaust emissions and greater engine wear. 

Using fuels which meet engine operating requirements will improve cold starting, reduce 
smoke during start-up, improve fuel economy, reduce exhaust emissions,, improve engine 
durability and reduce noise and vibration. These engine fuel requirements are published in the 
operating manual for each specific engine or vehicle. 



Overall fuel quality and performance depend on the ratio of parafinic and aromatic 
hydrocarbons, the presence of sulfur, water, bacteria, and other contaminants, and the fuel's 
resistance to oxidation. The most important measures of fuel quality include API gravity, heat 
value (BTU content), distillation range and viscosity. Cleanliness and corrosion resistance are 
also important. For use in cold weather, cloud point and low temperature filter plugging point must 
receive serious coosideration. Cetane number does not measure any of these characteristics. 

Cetane Improvers / Ignition Accelerators 

U S diesel fuels are blends of distillate fuels and cracked petroleum hydrocarbons. The 
cracked hydrocarbons are low cetane compounds, largely due to their aromatic content. To meet 
the cetane number demands of most diesel engines, cetane improvers must be added to these 
blends. The lower cetane cracked compounds are less responsive to these cetane improvers than 
the higher cetane paraffinic fuels. 

t 
Cetane improvers modify combustion in  the engine. They encourage early and uniform 
ignition of the fuel. They discourage premature combustion and excessive rate of pressure 
increase in the combustion cycle. Depending on the amount of high versus low cetane 
components in the base fuel, typical alkyl nitrate additive treatments can increase cetane by about 
3 to 5 numbers (1:1000 ratio). With high natural cetane premium base fuels (containing a high 
percentage of parafins) and a 1:500 treatment ratio, cetane may increase up to a maximum of 
about 7 numbers. 

Most cetane improvers contain alkyl nitrates which break down readily to provide additional 
oxygen for better combustion. They also break down and oxidize fuel in storage. This generates 
organic particulates, water, and sludge - all of which degrade fuel quality. The result is often a fuel 
which no longer meets even minimum requirements. Because of these drawbacks, nitrate cetane 
improvers are not used in DurAlt fuel conditioners. 

DurAlt fuel conditioners are blended to improve oxidation stability, while providing a cetane 
number increase of 2 to 5 numbers. DurAlt products are designed to improve combustion while 
reducing oxidation and particulate formation, increasing storage stability, and enhancing fuel 
quality. 

Do Cetane Improving Additives Really Improve Fuel Quality? 

Fuel quality i s  defined by'the physical property specifications given in the ASTM Standard 
Specification for Diesel Fuel Oils, ASTM D-975. Carbon residue, ash and sulfur increase engine 
wear and deposit formation. Premium diesel fuels should have lower specifications for these 
properties. Additionally, premium diesel fuels should be more stable in storage than standard 
fuels, so the premium fuel quality you purchase won't degrade over time. This is the area where 
nitrate-containing cetane improvers cause problems. 

More fuel retailers are introducing premium diesel fuels, touting high cetane number as the 
sole benchmark of fuel quality. Contrary to this assumption, a cetane number which is too high 
may cause too short an ignition delay period. This changes the timing of the pressure peak, 
resulting in loss of power. When this happens, many of the performance problems associated with 
low cetane fuel will result. While the problems due to low cetane largely disappear after the 
engine warms up, with too high a cetane, these problems will persist even with a hot engine. 

Specifying Diesel Fuel 
Cetane number is an important measure of ignition quality, or cold-starting ability. API 
gravity is an excellent indicator of heat value, which translates into fuel economy and power. The 
distillation curve reflects the molecular weight distribution, with higher boiling fractions providing 
better lubrication, higher cetane - and more deposits. Sulfur content is directly related to 
corrosion; this needs to be as low as possible. Oxidation stability, water, and sediment content 
affect the storage life of the oil. For winter use, low cloud point and low temperature filter plugging 
point are critical to uninterrupted operation. To insure the best quality fuel for your diesel engines, 
follow the engine manufacturer's specifications for all these characteristics 




